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Goat is popularly known as ‘poor man’s cow’, rears mostly by the rural people due to 
better adaptive capability to harsh environment. Heat stress either hot or cold; nega-
tively influence the goat productive and reproductive performance. Both survivability 
and reproductive performance of goat most often depend on its ability to cope with 
heat stressor. Goats can rears in a wide range of environment and geography may it be 
hilly terrain or undulating topography due to cope with the heat stress via combina-
tion of behavioral, morphological, physiological, biochemical, metabolic, hormonal 
and molecular changes at the gene level. All these adaptive mechanisms and genes are 
important for the assessment of heat stress, adaptability and strategies for manage-
ment, production of heat-tolerant transgenic goat using advance biotechnological 
tools for sustainable goat production in challenged environment due to climate change.
Keywords: adaptation, climate, environment, goat, heat stress
1. Introduction
Heat stress is one of the challenging stress factors for goat farming under 
changing climatic scenario across the world due to global warming [1]. It is well 
established that environment stressor either hot or cold negatively affect the pro-
ductive and reproductive performance of goat via reducing growth [2], milk yield 
[3], reproductive performance [4] and meat production [5], as well as immunity, 
making the goats more susceptible to various diseases and extreme cases even death 
[6, 7]. Therefore, the focus should be on adaptive capacity of goats for selection of 
breed which are best suited and reproduce, perform better under extreme environ-
ment [8, 9]. Hence, there is a growing demand for selection of goats that are best 
suited to a wide range of geographical and harsh environment. Like every animal, 
goats possess several unique morphological and physiological adaptive mechanisms 
[6]. It is important to understand the adaptive mechanisms of goat to heat stressor, 
to evolve fast-growing new breed of goat, identification of bio-markers at the gene 
level to produce heat-tolerant transgenic goat having high growth rate and adapt-
ability. This chapter is therefore, an attempt to provide the underlying various 
adaptive mechanisms of goat to heat stressor.
2. Adaptation
Adaptation is the capacity and the process of adjustment of an animal to itself, 
to other living material and to external physical environment. In term of biology, 
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adaptation (biology) is defined as the morphological, anatomical, physiologi-
cal, biochemical and behavioural characteristics of the animals, which promotes 
welfare and favour the survival in a specific environment. According to genetic, 
adaptation (genetic) is defined as the heritable animal characteristics which favour 
survival of a population in a particular environment. Further, in term of physiol-
ogy, adaptation (Physiology) is defined the capacity and process of adjustment 
of the animals to itself to other living materials and its external physical environ-
ment. These adaptive changes either genetic or phenotypic (physiological) occur 
in animals in response to internal and external stimuli [10], which allows normal 
activity of the animals in an altered but tolerable climatologically range. There 
are series of behavioral, physiological, biochemical, hormonal, and molecular 
changes at the gene level to cope with heat stressor which may or may not lead 
to permanent genetic changes. Therefore, the adoptive capacity of animals to a 
stressful condition is a function of both its genetic and the intensity & duration of 
the stressor.
3. Materials and methods
Adaptive mechanisms of goat to heat stress either hot or cold were evaluated on 
the basis of behavioral, morphological, physiological, biochemical, hormonal and 
molecular changes at the gene level. This adaptive response to heat stress experi-
ments were conducted either in climatic chamber under control climatic conditions 
or under natural environmental conditions especially seasonal variations such as 
extreme hot (summer) and cold season (winter). Many experiments were con-
ducted in terms of comparative assessment between indigenous native goat breeds 
in their own home tract with that of exotic, crossbred as well as goat breed origi-
nated in different environmental condition under similar managemental condition, 
sufficient feed and clean adlibitum water.
A temperature humidity index (THI) was the most preferred method to detect 
goat under heat stress and co-relation to access adaptive capacity of goats to differ-
ent environments/heat stressor. It was calculated from dry and wet bulb tempera-
ture using following formula.
 ( )THI 0.72 Dbt Wbt 40.6,= + +  
where Dbt = dry bulb temperature in °C and Wbt = wet bulb temperature in °C.
3.1 Measurement of different morphological variables
Body length, body height, body heart girth, horn length, ear length, tail length, 
coat colour, pigmentation and body weight are the mostly studied morphological 
variables to determine the adaptive capacity of goat to heat stressor. Body weight 
of the goats were weighed in fasting condition at early morning on settled platform 
after the setting of weighing balance at zero [9].
3.2 Measurement of behavioral variables
Behavioral responses like standing time, lying time, drinking frequency, 
defecation frequency, and urination frequency were recorded during the study 
period [11].
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3.3 Measurement of physiological variables
Physiological variable such as respiration rate (RR) was recorded by counting 
flank movements per minute, from adistance of 4–5 meters without disturbing the 
experimental goats. The unit of measurement of RR was in breaths per minute. 
Rectaltemperature (RT) was recorded using a clinical thermometer by gently 
restraining the goats. The unit of measurement of RTwas in degrees centigrade. 
Skin temperature ST) o f goats varies based on the quantum of sun rays to which the 
different body parts were exposed. Generally, in male goats, the skin temperature 
was recorded on the head, scrotum, and flank region. Skin temperatures were 
recorded using a infrared thermometer (B.S.K. Technologies, Hyderabad, India) by 
maintaining a distance of 5 to 15 cm [11].
Heart rate (HR) was measured by auscultation method with the aid of a flexible 
stethoscope by counting the number of heart sounds and beats for 20 s; the results 
were multiplied by 3 to express the values on a minute-time scale.
Sweat glands number was analyzed by the histological method [12]. 
Approximately 1–2 cm of skin sampled from the neck, flank and hindquarters were 
collected. These samples were processed by paraffin embedding and prepared skin 
smear and stained with hematoxylin and eosin. The stained skin smear was conducted 
on a photomicroscope under 20 × magnifications. A total of 20 fields were examined 
for each skin smear and images were captured to count the number of sweat gland 
appeared by the ImageJ® software program. The numbers of sweat glands in these 
images were counted on the basis of the number of hair follicles that were observed.
3.4  Blood sampling and measurement of hematological, biochemical and 
hormonal variables
Blood samples were collected from experimental goats from jugular vein in 
vacutainer tubes with anticoagulant under aseptic conditions at fortnightly inter-
vals for estimation of hematological, biochemical and hormonal variables. Plasma 
was immediately separated aftercentrifugation at 3500 g for 8 min and aliquated 
the plasma samples were stored at−80 °C until analysis.
Haematological variables were measured in fresh blood samples. These variables 
were measured using an automated blood analyzer. It was also measured as per 
conventional methods. Total erythrocyte and total leucocytes was measured by 
haemocytometer method. Packed cell volume was determined using capillary tubes 
inmicrohaematocrit centrifuge based on the technique described by Wintrobe 
method. Haemoglobin concentration was estimated by cyanmethemoglobin 
method. Fresh blood was used for preparing smears for differential leukocytes 
count (DLC). The bloodfilm was dried by waving the slide in the air and stained 
with field stain, and counting was done under microscope. The biochemical vari-
ables such as AST, ALT, glucose, total protein, albumin, globulin, total cholesterol, 
triglycerides, and blood urea nitrogen (BUN) were analysed using a biochemical 
analysis apparatus (Thermo Scientific Genesys 10S Vis, Centreville, VA, USA) 
as well as few experiments quantified by using commercial diagnostic kits as per 
manufactures protocols. Non-Ester fatty acids (NEFA), betahydroxybutyrate 
(β-HBA), cortisol, aldosterone, triiodothyronine (T3) and thyroxine (T4) were 
quantified by using commercial diagnostic kits as per manufactures protocols.
3.5 Measurement of molecular markers
Blood samples were collected from experimental goats from the jugular vein in 
a heparinized vials and centrifugation was done at 3500 rpm for 25 min at 4 °C for 
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collection of peripheral blood mononuclear cells (PBMC) pellet. Total RNA was 
extracted from the PMBC pellet using RNA extraction kit as per manufacturer’s 
protocol. The total RNA was reverse transcribed into complementary DNA (c-DNA) 
using cDNA synthesis kit for real-time quantitative polymerase chain reaction 
as per manufacturer’s protocol. Relative expression of mRNA transcripts of Heat 
Shock Protein (HSP) and other stress associated genes by quantitativereal-time PCR 
using SYBR Greenas per manufacturer’s protocol. Each sample was run in triplicate 
and in all cases, samples of total RNA were used as negative control.
3.6 Statistical analysis
The data were analyzed by two way ANOVA using SPSS 16.0 statistical software. 
Results were expressed as the mean ± SEM. A difference with value p < 0.05 was 
considered statistically significant.
4. Behavioral adaptive response
Behaviour is the first and foremost one of the most effective adaptive mecha-
nism, at least for the short term period. This mechanism allows goat to reduce 
the heat load by avoiding/reducing direct exposure to solar radiation. Behavioral 
changes include seeking shelter [11], changing posture (eg: standing or altering ori-
entation to the shade or wind breaks [13, 14], reducing feed intake (When exposed 
to hot) or increasing feed intake (When exposed to cold) [15], standing time, lying 
time, drinking frequency, defecation frequency, urination frequency [11] etc. Goat 
tends to spend more time on standing in hot humid environment to avoid direct 
solar radiation as well as radiation heat from the ground. For example; Fawn goats 
have different eating behaviors in comparison with Saanen x hair goats, when they 
were exposed to heat stress and poor nutritional condition [16]. These behavioral 
responses are to prevent additional heat load from the ground as well as to facilitate 
effective heat dissemination from the body of the animals to the surrounding envi-
ronment [17]. Hence, the understandings of normal behaviors goats are paramount 
for assessing the impact of heat stress and adaptive capabilities.
5. Morphological adaptive response
Goats can cope with a variety of geography that include deserts, alpine regions, 
high altitude mountain hilly area, wet and dry tropics, arctic and temperate zone. 
Morphological or phenotypic variations are part of adaptive changes to a wide range 
of geography and environment. These variations are depending upon their ecologi-
cal niche where they are originated. The most common morphological changes are
a. Size and shape.
b. Coat colors and pigmentation.
5.1 Size and shape
Morphological adaptive changes due to heat stressor in animals are the most pro-
nounced and efficient response to cope with the heat stressor. Bergmann [18] stated 
that the smaller sized breed of a given species are found in the warmer regions of 
ecological range and the larger sized breeds in the cooler localities. Further, the 
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extremities (eg. ear, tail, bills) are smaller in the species inhabiting the cooler part 
of ecological range than those in warmer parts [19]. All these morphological char-
acteristics are very crucial from the adaption point of view as it directly influence 
the heat exchange mechanisms via convection, radiation and evaporation between 
goats and surrounding environment [13]. For example Sudanese and Egyptian 
desert goats have relatively medium to large body size, which help in evaporative 
heat loss and it is a part of morphological adaptive response [20]. Similarly, non-
dwarfed breeds of goats in the desert and savannah areas of Africa are much smaller 
than typical European breed of goats [21].
5.2 Coat colors and pigmentation
Coat colors and skin pigmentation are directly attributed towards heat loss 
from the body via conduction and convection in goats. The sensible heat loss via 
conduction and convection from the body of the animal are affected by the surface 
area per unit body weight, coat color, the magnitude of the temperature gradient 
between the goats the skin to the surrounding air [22]. Light coats colour and sleek 
and shiny hair coats are reflected a greater proportion of incident solar radiation 
than hair coats that are dark in colour or more dense and woolly [23]. For example, 
West African dwarf goats have smooth, short, and straight hair, which helps them 
to adapt in hot and humid environment [22]. Similarly, Black coat colour goats are 
dominant in hot deserts area and they have advantages to cope with direct exposure 
of solar radiation over white goats. Although, the black coat absorbs much more 
incident of direct solar radiation, these goats can drink an amount of water that 
equal to about 35% of their body weight, thus help in efficiently adjust to hot and 
humid environment by evaporation mechanism [24]. In addition, pigmented 
skin protects the deep tissues from direct short wave UV radiation by blocking its 
penetration in hot tropical regions. Thus, it prevents extra heat gain by the goats 
through direct solar radiation.
6. Physiological adaptive response
The physiological adaptations are most often caused by acute stressors. These 
changes are manifested as respiration rate, sweating rate, body temperature, skin 
temperature, heart rate etc.
6.1 Respiratory rate
Respiratory rate is the first foremost physiological response to heat stressors in 
goats [8, 25]. Respiration is the process of inhalation of oxygen (O2), followed by 
elimination of carbon dioxide (CO2), produced as a result of cellular metabolisms 
by the cells which lead to evaporative moisture loss from the respiratory tract 
to maintain thermal balance of the animals. This mechanism is very crucial for 
preventing the hypothermia which otherwise occur under thermal/heat stress [26]. 
As temperature increased above the thermal comfort zone of the goats, a marked 
increase in the respiratory rate from the normal level indicated that the goats are 
trying to maintain homeostasis by dissipating heat load from the body through 
evaporative cooling mechanism by vaporizing more moisture to the surrounding 
environment [27, 28]. Normally, respiration rate increased during summer due to 
increase in ambient temperature and decreased during winter due to decline in 
ambient temperature. Respiration rate increased during summer to increase heat 
loss through sweating and respiration. When this physiological adaptive response 
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is failed to alleviate the effect of heat load by evaporation cooling mechanism, the 
body temperature may increase to a point at which goat’s well-being and produc-
tive performances are compromised mainly due to reduce feed intake and extra 
energy loss in the process heat loss from the body. Respiratory rate increased 
during the summer season which indicated that goats are under stressed [29]. So, 
rapid increase in the respiratory rate in response to heat stress indicates the greater 
susceptibility of goats to heat stress. This physiological response has been found to 
be different from breed to breed. This adaptive response may be attributed to breed 
difference and adaptation to different heat stress [1, 29, 30]. For example, a higher 
respiratory rate was recorded in cold-adapted goats (Gaddi and Chegu) compared 
to that of heat adapted goats (Sirohi and Barbari) during summer [30].
6.2 Rectal temperature
Rectal temperature represents the resultant of all heat gain (both metabolic 
and radiation heat) and heat loss of the body. It is used to measure the core body 
temperature of animals. Also, it acts as a natural passage way for dissipation of extra 
heat to maintain physiological homeostasis and body temperature [1]. Hence, it is 
an indicator of heat stress and may be used to assess the heat stress and adaptive 
capacity of goats. Normal rectal temperature of goats ranges between 38.3 to 40 °C. 
An elevation of the rectal temperature occurs only when the sweating and respira-
tory evaporation mechanisms failed to maintain homeothermy in goats [29–31]. 
This physiological response is varied from breed to breed and climatic conditions. 
For example, a higher rectal temperature was recorded in cold-adapted goats 
(Gaddi and Chegu) compared to that of heat adapted goats (Sirohi and Barbari) 
during summer and might be attributed to different heat stress [30].
6.3 Skin temperature
Skin is an important passageway for heat exchange between the animal’s body and 
the surrounding environment. Skin temperature is a result of blood flow to the skin, 
which ends with regulation of heat exchange between body core and the skin [32]. 
Skin temperature increased under stressful condition for redistribution of blood flow 
to the skin surfaces so as to form a gradient between ambient temperature and skin 
surface temperature for heat dissipation from the body of the animals to the sur-
rounding environment. So, when an ambient temperature is greater than skin tem-
perature, the temperature gradient between the body surface and the environment 
decreases, impeding heat dissipation in this case by an evaporative mechanism [25]. 
But, it depends on heat stressor including nutritional stress. For example, highest skin 
temperature of the head, flank, and scrotum was recorded during the afternoon of a 
day in Osmanabadi goats subjected to combined (heat and nutritional) stressors [11]. 
This increased in skin temperature for vasodilatation of the skin capillary bed and 
consequently increases the blood flow to the skin surface to facilitate heat dissipation.
6.4 Heart rates
Heart rate reflects primarily the homeostasis of circulation along with the general 
metabolic status of animals. Heart rate of animals increased under stressful condi-
tion to increases blood flow from the core to the surface of the body to give a chance 
for more heat to be lost by sensible (conduction, convention and radiation) and 
insensible (diffusion water from the skin) means [33]. A marked acceleration of the 
heart rate occurs during the hottest part of the day to decrease heat production [34].
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6.5 Sweating
Heat stress leads to activation sweating to maintain physiological homeostasis 
and body temperature. Specially, when respiratory mechanism is failed to maintain 
physiological homeostasis, it activate the evaporative heat loss mechanisms by 
involving an increase in sweating rate and respiratory minute volume about 70–85% 
[35]. The goats have greater sweating rate and lower body weight: surface ratio, 
which allows efficient way to heat dissipation from the body to the surrounding 
environment [36]. For example Black Bedouin goats can able to store large volumes 
of body water, and have considerable sweating capacity which allows them to cope 
in hot environment [37].
7. Hematological adaptive response
The hematology profile is an attributing adaptive response to cope with heat 
stress either hot or cold in animals. Heat stress effects on hematological parameters 
such as packed cell volume (PCV), hemoglobin (Hb), total erythrocytes count 
(TEC), total leukocytes count (TLC), lymphocytes, neutrophils, eosinophils, 
monocytes, granulocytes, and pH [38]. Hb, PCV, TEC and TLC levels increased 
during winter season in cold climate climatic condition whereas these variables lev-
els decreased during summer in goats [30, 39]. Similarly, Upadhyay and Rao [40] 
and Abdelatif et al. [41] observed decreased levels of mean TLC, TEC, Hb and PCV 
during summer months and increased during winter months in goat. Increased in 
PCV and Hb levels could be availability of adequate nutrients for synthesis of Hb 
as the goat consumes more feed during winter season [42]. Further, hematological 
response to the heat stressor is varied from breed to breed [30]. They reported a 
decreased in mean Hb, PCV, TEC and TLC levels during summer in Sirohi and 
Barbari goats as they were well adapted to hot climate and less susceptible to heat 
stress. But the decline in Hb, PCV, TEC and TLC was more in Gaddi and Chegu 
goats as they were less adapted to hot climate more susceptible to heat stress dur-
ing summer.
8. Biochemical adaptive response
Biochemical composition is directly proportional to the metabolic status of 
animals and can be used as an index for assessing the adaptation capacity to heat 
stressors. Heat stress causes alteration in blood biochemical parameters such as 
glucose, NEFA and β-HBA, total protein, albumin, globulin, to maintain physiologi-
cal homeostasis especially energy balance through basal metabolic heat production. 
These responses may be due to a direct effect of high temperature on metabolic 
function or may be a result of heat impacting gene expression.
A decreased level of blood glucose, cholesterol and free fatty acid levels were 
recorded in goats in response to heat stress [38]. This low level of blood glucose 
level could be related to reduce feed intake due to heat stress especially during 
summer [30, 43]. Further, increased blood glucose level in cold-adapted goat breeds 
such as Gaddi and Chegu was higher during summer in compared to Sirohi and 
Barbari goats as they are well adapted to hot climate [29]. The high blood glucose 
level during summer may be due to increased glucocorticoids especially cortisol 
due to increase level of stress related to ambient temperature. Further, NEFA and 
β-HBA are used for energy status of the animals [28]. Heat-stressed goat showed 
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a decreased level of NEFA and β-HBA [36]. This may be related to the adaptive 
capability of the goats to maintain constant energy requirements.
Heat stress affects the protein metabolism of goats [44]. Metabolism is a part 
of adaptive response to the heat stress. Helal et al., [45] reported decreased in total 
plasma protein, albumin and globulin levels in goats subject to heat stress [45]. This 
might be due to an increase in plasma volume as a result of heat stress. In contrast, 
heat stress increased total protein and albumin levels due to increase respiration rate 
in goats for enhancing evaporating cooling [46]. This variation is might be due to 
adaptive capacity of goods. Indigenous breeds of goats are relatively better adapted 
to heat stress in their own native place.
9. Neuro-endocrine adaptive response
Neuro-endocrine responses to heat stress play an integral role in the adap-
tive mechanisms in animals. It is a crucial stress axis to accomplish physiological 
homeostasis by releasing several hormones for regulation of energy mobilization, 
cardiovascular and respiratory functions [47]. The hypothalamus serves as the 
main integrative control unit for neuro-endocrine responses. It receives informa-
tion from peripheral as well as central nervous system and triggers an appropriate 
hormonal signal to maintain the internal milieu of the animals. The activation of 
the hypothalamo–pituitary–adrenal axis leads to enhance synthesis and release of 
cortisol and aldosterone levels into circulation under stressful conditions in goats 
[48]. These hormones are regulated the metabolism, also behavioral response to 
heat stressor in goats by favoring glycogenolysis, lipolysis, and proteolysis to supply 
required energy to restore homeostasis. However, the cortisol level was varied 
considerable between heat- and cold-adapted goats. For example, the cortisol level 
was higher in heat-adapted goats such as Sirohi and Barbari than in the cold-
adapted breeds such as Gaddi and Chegu [30]. The differences in the cortisol levels 
may be due to adaptation of heat- and cold-adapted goats to different environment 
conditions, which might helps in physiological adjustment to the environment and 
enables goats to tolerate stressful conditions. In case of heat-tolerant breeds such as 
Sirohi and Barbari goats, the cortisol level increased during winter. This increase in 
cortisol level during winter due to cold stress so as to increase basal metabolism to 
maintains of the normal body temperature. However, in case of cold-tolerant goats, 
the cortisol level was lower during winter, thus it is reflected as adaptive response 
and comfortably to cold climatic condition.
Thyroid hormones (T3 and T4) stimulate oxygen consumption and heat pro-
duction by the cells [49], and regulate the basal metabolic heat production in ani-
mals. Thus, the level of thyroid hormones may reflect an adaptation response to the 
heat stressor in order to reduce the basal metabolic heat production. Decrease levels 
of T3 and T4 during heat stress is an adaptive response [50], which enables reduces 
the basal metabolic rate and thus metabolic heat production goats [51–53] and 
heat production by the cells [54]. The secretion and release of thyroid hormones 
are affected by environmental stressor and adaptive capacity of the goats breed. 
For example, a high blood thyroid hormone levels was recorded in cold-adapted 
breeds (Gaddi and Chegu) than for heat adapted breeds (Sirohi and Barbari) goats 
[30]. This may be attributed to breed differences and their adaptation to different 
climatic conditions, which is associated with energy metabolism. The increased 
level of thyroid hormones may be due to low ambient temperature during winter to 
increase metabolic rate and increased body heat production to maintain core body 
temperature.
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10. Molecular adaptive response
With the advancing modern biotechnological tools, it could able to identify and 
characterize gene expression patterns associated with cellular adaptation mecha-
nisms of goats at the molecular level [29, 42]. A complex network of gene associated 
with adaptation to heat stressor in goat [55]. Out of these, many genes determine 
an individual’s capability to adapt to the heat stress. Heat shock proteins (HSPs) 
are perhaps the best-studied examples of genes whose expression are associated 
with adaptive capacity of to heat stress. These HSP genes such as HSP60, HSP70, 
and HSP90 are highly conserved proteins belong to the chaperones family proteins 
across evolutionary lines that are expressed under various kinds of stressor and play 
pivotal role in regulating the proper folding of proteins [56], intracellular transport, 
maintenance of proteins in an inactive form, the prevention of protein degradation 
[57], and to adapt progressively to the changing environment to ameliorate the 
deleterious effects of heat stress [58]. The genes expression profile is depended on 
kind of goat breeds and type of environmental stressor such as heat or cold [29, 59]. 
For example, the expression of HSP70 was unregulated in heat stressed goats 
remained elevated only for 4 hours and returned back to basal level after 8 hours 
of heat stress withdrawal [60, 61]. Further, it was reported that cold stress was not 
enough to produce an alteration in HSPs gene expression except in Jhakrana goats 
[29]. They reported that an increase in HSP90 expression during winter season in 
Jhakrana goats indicated that cold stress could induce stress in Jhakrana goats, while 
Barbari and Siorhi goats exhibited adaptation to the same. Madhusoodan et al. [58] 
reported that the native indigenous goats breed was comparatively better adopted 
to own ecological niche or environment. They recorded a low level of expression of 
all heat shock response genes such as HSP70, HSP90, super oxide dismutase (SOD), 
nitrous oxide synthase 1 (NOS1) in Salem Black goats. The lower level of expression 
may be due to a sub-threshold level of the heat stress attained in the study to induce 
cellular stress response in Salem Black goats.
Apart from HSP genes, several other genes such as SOD, NOS, thyroid hormone 
receptor (THR) and prolactin receptor (PRLR) genes are associated with heat toler-
ant in animals [62]. Higher expression of NOS was reported in heat stressed goats, 
which help in vasodilatations of the skin to favor cutaneous evaporative cooling 
mechanisms to dissipate excess heat from the skin surface [31, 58]. Variations in 
the gene expression were due to gene–environment interaction and which favor the 
Breeds Genes Function Reference
Mexico goat HSP-70 Thermo-tolerant [67]
Chines goat ASIP, KITLG, HTT, 
GNA11,and OSTM1
Coloration [68]
Chines goat TBX15, DGCR8, CDC25A, 
and RDH16
Body size [68]
Baraki goat FGF2, GNAI3, PLCB1 Thermo-tolerance (melanogenesis) [66]
Baraki goat BMP2, BMP4, GJA3, GJB2 Body size and development [66]
Baraki goat MYH, TRHDE, ALDH1A3 Energy and digestive metabolism [66]
Baraki goat GRIA1, IL2, IL7, IL21, IL1R1 Nervous and autoimmune response [65]
Ugandan goat IL10RB and IL23A Immune response [69]
Table 1. 
Enlisted a few genes associated with heat tolerance in goats.
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survival of a population in a particular environment [63–65]. Therefore; heat-
tolerant genes play a significant role for regulation of physiological homeostasis and 
body temperature [66], and could be useful for production of heat stress tolerant 
goat breed by conventional approach through artificial selection as well as advance 
biotechnology tools using transgenic technology. Affymetrix Gene Chip Bovine 
Genome designed to monitor expression of approximately 23,000 transcripts, it 
has identified 39 and 74 genes whose expression was up- and down-regulated, 
and respectively by heat stressor in the blood cells of goats [3] and the genes are as 
follows (Table 1).
11. Conclusions
Heat stress has negatively affected the productive and reproductive perfor-
mances of goat. Under the changing climate scenario due to global warming, the 
immediate need is to understand the adaptive mechanisms and identification of 
heat tolerant genes. Adaptive mechanism will provide basis strategies for manage-
ment and to evolve fast-growing new goat breed as well as the production of heat 
tolerant transgenic goat for sustainable and profitable goat farming under chal-
lenged environment.
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